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The isoelectric range  of typhoid agglutinin, as reported by Mich- 
aelis and Davidsohn (1), is from pI-I 5.3 to 6.0 and as reported by yon 
Szent-GySrgyi (2)  from pH 5.4 to 5.7.  These authors used for their 
electrophoresis experiments typhoid-agglutinating serum diluted from 
1:12 to 1:14 with buffer solutions. 
It has been shown by Northrop and De Kruif (3) that the addition 
of egg albumin to suspensions of bacillus of rabbit septicemia has the 
effect of bringing the isoelectric point of the bacteria to approximately 
that of the albumin.  These authors doubt that pH 5.3 to 6.0 is the 
isoelectric zone of typhoid immune body, since the presence of proteins 
has such marked effect on the position of the isoelectric point,  yon 
Szent-Gyt~rgyi made  the  observation  that  the  isoelectric  zone  of 
immune body corresponds to that of serum globulin, about pH 5.4 
as determined by Rona and Michaells (4).  The question then arises 
as to whether the zone of pH 5.3 to 6.0 is the isoelectric zone of the 
antibody itself, or of the serum globulin with which the antibody is 
known to be closely associated and which was  present in  compara- 
tively large amounts in the diluted serum with which Michaelis and 
Davidsohn and yon Szent-Gy6rgyi worked. 
Since the partially purified typhoid agglutinln solution produced 
by the dissociation of the immune body from sensitized organisms in 
our previous study (5)  had but traces of serum protein in it  (total 
nitrogen content not over 5 rag. per 100  cc.) it was  thought worth 
while to make a determination of the isoelectric zone of the agglutinin 
by electrophoresis of this material. 
Technique. 
The  apparatus  used  was  essentially  that  described by Sherman, 
Thomas, and CaldweU (6)  in their work on  the isodectric point of 
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malt amylase, with a few modifications.  The U-tube electrophoresls 
apparatus  of Michaelis as modified by these authors was adapted to 
drawing off samples from different parts of the tube by placing stop- 
cocks at  the two lower corners of the U,  and  at  a  point  half way 
between the large stop-cocks and the tops of the side arms.  These 
additional stop-cocks make it possible to draw off samples from differ- 
ent parts of the tube without undue mixing.  (See Fig. 1.) 
Fla. I. Electrophoresis tube arranged for removal of samples at different levels. 
The solution of antibody dissociated by N/200 NaOH from typhoid 
bacilli  previously sensitized with antityphoid horse serum was first 
brought to approximate neutrality and was mixed with an equal volume 
of S6rensen's citrate buffer mixture of appropriate pH and  weighted 
with 4 per cent of c. P. sucrose.  In most of these mixtures a floccu- 
lent precipitate gradually Settled out;  but as it did not contain any 
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was disregarded.  Enough of this mixture was placed in the U-tube 
to fill the bend and the bore of the large stop-cocks.  The apparatus 
was then leveled off and the large stop-cocks closed.  The side arms 
above the stop-cocks were rinsed out and then filled with the same 
citrate buffer (here diluted 1:1  with distilled water)  as was used to 
mix with the antibody solution.  The leveling bulbs and Fales elec- 
trode vessels were also filled with this diluted buffer and leveled off 
by means of the leveling stop-cock (a) in the figure.  The electrodes 
(copper in copper sulfate) were then inserted and the current  (110 
volts D.c.) turned on with the stop-cocks of the electrode vessels (b) 
and  the leveling stop-cock open.  The leveling stop-cock was then 
tightly  closed  and  the  large  stop-cocks in  the side arms carefully 
opened.  Tests  showed that there was no diffusion of copper from 
the electrodes through the leveling bulbs and into the side arms of the 
U-tube in 24 hours when the stop-cocks of the electrode vessels were 
left fully open.  For this reason they were not closed during the elec- 
trophoresis, as was done by Sherman, Thomas, and Caldwell.  Under 
these conditions the current passed was slightly over  1  milliampere. 
The whole of the U-tube up to within about 1/2 inch of the top of the 
side arms was immersed in a bath of running water which for all our 
runs did not vary in temperature beyond the limits of 18-22°C. 
•  After the material had been subjected to the influence of the current 
for 24 hours the large stop-cocks in the side arms were carefully closed 
and the current discontinued.  The contents of the U-tube were then 
removed in seven portions in the following order (see Fig. 1) : Portion 
1 from upper half of cathode side arm and Portion 7 from upper half 
of anode side arm by opening the small stop-cocks (c)  half way up 
the side arms.  Portions 2  (cathode side)  and 6  (anode side)  were 
then pipetted out from the remainder of the side arms above the large 
stop-cocks.  Portions 5 (anode side below large stop-cock), 4 (bottom), 
and 3  (cathode side below large stop-cock) were then removed suc- 
cessively by so tilting the U-tube as to bring the sma]l stop-cocks 
in the lower  corners  to  a  horizontal position in  the  proper order. 
Each of these portions was tested separately for the presence of ty- 
phoid agglutinin by the technique described in previous  papers  (5). 
As a control a portion of the same solution as that which went into 
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the water bath during the run.  This was titrated for agglutinin at 
the same time as the electrophoresed material.  Measurements of pH 
were made on the combined material from the bottom of the U-tube 
after electrophoresis.  The instrument used was a Leeds and Northrup 
type K potentiometer and a bubbling electrode 
TABLE  I. 
pH  Titre of the control.  Titre of the +  tube.  Titre of the -  tube. 
8.2 
7.7 
4.98 
4.9,5 
4.94 
4.87 
4.75 
4.70 
4.64 
4.51 
4.50 
4.48 
4.40 
4.37 
4.25 
3.95 
3.94 
3.6 
3.4 
2.5 
+320  +160 
+640  +160 
+320  +  80 
+640  +  40 
+320 
+320 
+320 
+320 
+320 
+320 
+320 
+ 320 
+320 
+320 
+320 
3-160 
+320 
+640 
+320 
+640 
+80 
2o(?) 
20(?) 
20(?) 
+2O 
0  + 
0 
0 
0 
20(?)  + 
0  q- 40, 
0 
0 
20(?) 
o 
o 
o 
0 
o 
o 
20 
20(?) 
20(?) 
o 
20 
80(?) 
+  80 
+16o 
+320 
+16o 
+320 
+  +  =  complete,  +  =  partial,  (?)  =  weak  agglutination at  the  dilution 
indicated. 
RESULTS. 
A  summary of results  obtained and  of the  agglutinations in  the 
critical material in the inch just above the U-tube is given in Table I. 
It will be seen that the direction of transport in the electrical field is 
definitely dependent upon the hydrogen ion concentration of the solu- 
tion.  These results differ  from those previously reported for typhoid 
agglufinin in that the isoelectric zone of the antibody is not from pH 
5.4 to 6.0 but from about 4.4 to 4.9 with a  turning point somewhere 
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A  sample of serum diluted 1 : 14 with buffer solution was then elec- 
trophoresed at pH 4.85.  At this point,  according to Michaelis and 
Davidsohn, the agglutinin should be on the acid side of its isoelectric 
zone and should travel toward the negative pole in an electrical field. 
It will be seen from Table II that  this  is not the  case,  but that the 
agglutinin  traveled  to the positive pole,  showing that it was  on the 
alkaline side of its isoelectric zone, and was negatively charged. 
TABLE II. 
Electrophoresis of Typhoid-Agglutinating  Serum at ptI 4.85. 
One part serum to fourteen parts buffer solution.  110 volts D.C. for 36 hours. 
pH of solution after electrophoresis was 4.85. 
D  flution____~. 
+~ide~m ....................  I++1  ++  I++l++l+++l~l+l--0---0-- 
Co.trot ......................  1+4-1  ++  I++1++1++1  ++  I++1  +1  o 
-sido~ .....................  101  o  101010  I  0  IOlOlO 
The electrophoresis of typhoid agglutinin in serum was,  therefore, 
further investigated with the following results (Table III). 
TABLE III. 
pH  Titre of control.  Titre of +  side.  Titre of -- side. 
5.44 
5.22 
4.85 
4.81 
4.58 
4.43 
4.28 
3.84 
3.81 
3.35 
+ +2560 
++2560 
+2560 
+256O 
++1280 
+5120 
+5120 
+5120 
+2560 
+2560 
+64O 
++160 
320(?) 
+64O 
+64O 
+  4O 
0 
+ 
+ 
+  80  ++ 
+80 
-~40 
+8O 
0 
0 
20 
20 
4O 
+  160 
+  320 
+ 1280 
+640 
+640 
It will be seen from this summary that the agglutinin in the serum 
behaves in the same manner under the influence of the electric current 
as the agglutinin in the serum-free solution.  There is a turning point 
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On account of the difference between our figures and those of pre- 
vious workers, nine of our solutions were taken to the chemical depart- 
ment of Columbia University where the pH was determined  by Mr. 
Foster through  the kindness of Professor Arthur  W.  Thomas.  The 
results were entirely consistent with ours. 
In several controls in which the apparatus was set up as usual but 
no current was passed, there was no transport  of agglutinin in either 
direction. 
The  specificity of the agglutination  was controlled  by testing  the 
purified agglutinin  solution on B. paratyphosus,  A  and  B, B.  dysen- 
terice, FIexner and Shiga, and B. coli--all with negative results.  The 
antityphoid horse serum used was supplied by the New York Depart- 
ment  of Health  through  the  kindness  of Dr.  W.  H.  Park  and  Dr. 
Charles Krumwiede, to whom we are greatly indebted. 
The only explanation  we can offer for the different results is that 
Michaelis  and  Davidsohn  worked with  immune  rabbit  serum,  and 
that yon Szent-GySrgyi, while he worked as we did with horse serum, 
made his hydrogen ion estimations colorimetrically. 
The  finding,  if verified  by others,  should  be  of  value in further 
attempts to isolate antibodies. 
SUMMARY. 
The isoelectric point of typhoid  agglufinin lies between pH 4.4 and 
pH 4.6. 
BIBLIOGRAPHY. 
1.  Michaelis, L., and Davidsohn, H., Biochem. Z., 1912, xlvii, 59. 
2. von Szent-Gy6rgyi, A., Biockem. Z., 1921, cxiii, 36. 
3.  Northrop, J. H., and De Kruif, P. H., I. Gen. Physiol., 1921-22, iv, 655. 
4.  Rona, P., and Michaelis, L., Biochem. Z., 1910, xxviii, 193. 
5.  Ottenberg, R., Proc. Soc. Exp. Biol. and Med., 1923-24, xxi, 14.  Ottenberg, R., 
and Stenbuck, F. A., Proc. Soc. Exp. Biol. and Med., 1923-24, xxi, 303. 
6.  Sherman, H. C., Thomas, A. W., and Caldwell, M. L., J. Am. Chem. Sot., 1924, 
xlvi, 1711. 